Objective: To compare the operative outcomes of early and delayed cholecystectomy for acute cholecystitis. Background: Randomized trials comparing early to delayed cholecystectomy for acute cholecystitis have limited contemporary external validity. Furthermore, no study to date has been large enough to assess the impact of timing of cholecystectomy on the frequency of serious rare complications including bile duct injury and death. Methods: This is a population-based retrospective cohort study of patients emergently admitted to hospital with acute cholecystitis and managed with cholecystectomy over the period of April 1, 2004, to March 31, 2011. We used administrative records for the province of Ontario, Canada. Patients were divided into 2 exposure groups: those who underwent cholecystectomy within 7 days of emergency department presentation on index admission (early cholecystectomy) and those whose cholecystectomy was delayed. The primary outcome was major bile duct injury requiring operative repair within 6 months of cholecystectomy. Secondary outcomes included major bile duct injury or death, 30-day postcholecystectomy mortality, completion of cholecystectomy with an open approach, conversion among laparoscopic cases, and total hospital length of stay. Propensity score methods were used to address confounding by indication. Results: From 22,202 patients, a well-balanced matched cohort of 14,220 patients was defined. Early cholecystectomy was associated with a lower risk of major bile duct injury [0.28% vs 0.53%, relative risk (RR) = 0.53, 95% confidence interval [CI]: 0.31-0.90], of major bile duct injury or death (1.36% vs 1.88%, RR = 0.72, 95% CI: 0.56-0.94), and, albeit non-significant, of 30-day mortality (0.46% vs 0.64%, RR = 0.73, 95% CI: 0.47-1.15). Total hospital length of stay was shorter with early cholecystectomy (mean difference 1.9 days, 95% CI: 1.7-2.1). No significant differences were observed in terms, open cholecystectomy (15% vs 14%, RR = 1.07, 95% CI: 0.99-1.16) or in conversion among laparoscopic cases (11% vs 10%, RR = 1.02, 95% CI: 0.93-1.13). 
A cute cholecystitis (AC) is the most common cause of hospitalization for gastrointestinal disease. 1 Although cholecystectomy is the definitive management, the timing of surgery in relation to the first episode of AC remains an area of considerable practice variation. Operative intervention is either undertaken early on first presenting admission or, may be delayed some 6 to 12 weeks after initial nonoperative management to allow the acute inflammation to settle. Several randomized controlled trials have shown that early laparoscopic cholecystectomy (within up to 7 days of symptom onset) is associated with a shorter total hospital length of stay and a similar rate of conversion to an open procedure, when compared with delayed cholecystectomy. [2] [3] [4] [5] [6] [7] Furthermore, early surgery precludes the risk of recurrent gallstone-related symptoms, estimated to affect nearly 20% of patients. 7, 8 However, despite this evidence and expert consensus supporting early laparoscopic cholecystectomy, 7, 9, 10 rates of early surgery remain variable, ranging from 36% to 88% in recent reports from the United Kingdom, Japan, and the United States. [11] [12] [13] [14] [15] Practice patterns may not be consistent with best available evidence because concern remains that rare but devastating complications such as major bile duct injury or death may occur more frequently in the setting of emergency surgery on an acutely inflamed gallbladder. 16 Major bile duct injury occurs in only 0.3% to 0.5% 17, 18 of cholecystectomies but is a serious complication associated with reduced long-term survival 17, 19 and high litigation rates. 20 No study to date has been large enough to compare major bile duct injury or mortality rates between early and delayed cholecystectomy.
Furthermore, the trials comparing early to delayed surgery were derived from single specialized centers and included patients recruited between 1993 and 2002. [2] [3] [4] [5] [6] Consequently, these data cannot be generalized to a broader range of hospitals or to current practice characterized by greater expertise with laparoscopic surgery. Understanding comparative rates of open cholecystectomy and conversion in the laparoscopic era is important because, while conversion to an open approach is safe practice in the face of operative difficulty, open cholecystectomy is associated with greater postoperative pain, an increased incidence of surgical site infection, and a longer hospital stay.
METHODS Design
This is a retrospective cohort study of patients emergently admitted to hospital with acute cholecystitis who were subsequently managed with cholecystectomy over the period of April 1, 2004 , to March 31, 2011 . Operative outcomes were compared between patients who underwent cholecystectomy within 7 days of emergency department (ED) presentation on index admission (early cholecystectomy) and patients whose cholecystectomy was delayed. The research ethics board of Sunnybrook Health Sciences Centre, Toronto, Canada, approved this study.
Setting
We used administrative records for the province of Ontario, Canada. Medically necessary hospital and physicians services for Ontario's more than 13 million residents are universally accessible and funded by the provincial Ministry of Health and Long Term Care.
Data Sources
Population-based data sets that include all ED visits, hospital admissions, outpatient surgeries, and physician billing claims in Ontario were deterministically linked using an encrypted unique patient identifier. The index cholecystitis admission was identified in the Discharge Abstract Database (DAD), and linkage to the National Ambulatory Care Reporting System confirmed entry via the ED. Patient characteristics were derived from DAD supplemented with data from the Ontario Health Insurance Plan (OHIP) physician claims database. Surgical procedure data and surgeon characteristics were also available through linkage of DAD and the OHIP claims database. Date of death was obtained from the Registered Persons Database. These data sets have been validated for a variety of diagnoses, [24] [25] [26] [27] [28] and a multicenter validation study showed almost perfect agreement on the most responsible diagnosis between DAD and reabstracted records for gallstone-related admissions.
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Cohort
Adults admitted through the ED with a most responsible diagnosis of acute cholecystitis (ICD-10-CA: K80.0, K80.1, K80.4, K81.0, K81.8, K81.9) and without prior symptomatic gallstone disease-no ED visit or hospital admission for gallstone disease in the 2 preceding years-were considered for inclusion in the cohort. Patients admitted directly to the intensive care unit or managed with a cholecystostomy drain (ICD-10-CA: 1.OD.52) were excluded because they were considered to have cholecystitis with severe sepsis or significant comorbidity precluding operation. Patients who underwent cholecystectomy were identified on the basis of having an inpatient or outpatient record of cholecystectomy (ICD-10-CA: 1.OD.57, 1.OD.89) and an associated OHIP claim for cholecystectomy (S287). Finally, given the primary outcome definition described later, we excluded patients without at least 6 months of postoperative follow-up, as well as patients with a diagnosis of biliary tract malignancy or cyst (ICD-10-CA: C23, C22.1, C24, Q44.4) within 6 months of cholecystectomy (Fig. 1 ).
Exposure
The main exposure was early cholecystectomy, defined as cholecystectomy within 7 days of ED presentation on index admission.
Outcomes
The primary outcome was major bile duct injury. Patients who underwent operative repair of the biliary tract (OHIP billing claim: S281, S285-choledochoenterostomy; S292-repair of common duct) within 6 months of cholecystectomy were considered to have suffered a major bile duct injury. There were 5 secondary outcomes: (1) a composite outcome of major bile duct injury or death within 6 months of cholecystectomy-included because of potential for censoring of the primary outcome by death before biliary tract repair within 6 months; (2) Identification of major bile duct injury in administrative data through physician billing claims for surgical repair of the biliary tract has been previously utilized 17 with injury rates consistent with prospective cholecystectomy and gallstone registries. 18, 19 It is also unlikely that differences exist between exposure groups in the sensitivity and specificity of OHIP repair claims for the identification of major bile duct injury. ICD-10 procedure coding was used to differentiate open from laparoscopic cases and an attribute status code was used to identify conversion among laparoscopic cases. A multicenter validation study found almost perfect agreement on surgical approach (open vs laparoscopic) between administrative and reabstracted records across a range of abdominal surgical procedures. 28 Substantial agreement was also reported regarding conversion during laparoscopic appendectomy, indirectly supporting the validity of conversion in this study. 28 
Covariates
Several characteristics of the patient and surgeon might confound the relationship between the timing of cholecystectomy and operative outcomes. We considered patient age, sex, income level, comorbidity burden, and pancreatitis or biliary tract obstruction on index admission as potential confounders. A crude proxy for socioeconomic status, income quintiles were based on the median income of a patient's postal code of residence. 29 Comorbidity level was calculated using the John Hopkins Aggregated Diagnostic Groups (ADG) system 30 with a 2-year look-back at inpatient and outpatient records. The Aggregated Diagnostic Groups system was used to derive a comorbidity index validated for the prediction of 1-year mortality in a general cohort of adult Ontarians. 31 At the physician level, we considered the number of cholecystectomies a surgeon had performed in the year before the index cholecystectomy, and the number of years since medical school graduation.
Analytic Approach
We used propensity score methods to account for selection bias. Matching on the propensity score was the primary analytic approach employed. 32 First, each patient's probability of receiving early cholecystectomy (propensity score) was derived from a logistic regression model where all of the previously mentioned potential confounders were regressed onto the binary outcome of early or delayed cholecystectomy. Continuous variables (age, comorbidity index, surgeon's number of cholecystectomies, and years since medical school graduation) were modelled using smoothing cubic splines to allow for departures from linearity. 33 Propensity score matching was then performed using a nearest neighbor, 1-to-1 pair match within 0.2 standard deviations (caliper) of the logit of the propensity score and without replacement. 32, 34 Thus, in random sequence, a patient in the early group was selected and then matched to a patient in the delayed group with the closest propensity score, within the defined caliper range. Covariate balance after matching was quantified by calculating the standardized difference of the mean or proportion for each covariate, with a standardized difference of less than 10% indicative of good balance between groups. 35, 36 The distributions of continuous variables were also compared graphically through cumulative density and quantile-quantile plots. 37 In addition to matching on the propensity score, given that older age and male sex have been associated with greater severity of cholecystitis, 16, 38, 39 matched pairs were required to be of the same sex and have an age difference of at most 5 years. Within the matched sample, outcome frequency differences were tested with the McNemar chi-square. A relative risk (RR) and 95% confidence interval (CI) was also calculated for each binary outcome, taking account of the sample's matched nature. 40 For total hospital length of stay, a mean difference between delayed and early cholecystectomy was calculated with a 95% CI.
A variety of sensitivity analyses were undertaken. First, we employed an alternate propensity score approach that used the entire study cohort: inverse probability of treatment weighting. Weighting each patient on the inverse probability of treatment received produces a synthetic study sample balanced on observed covariates. 32, 41 The RR for each binary outcome was calculated from a weighted log binomial regression model with robust variance estimation. 42 The mean difference in total length of stay was calculated with a weighted linear regression model. Second, given the variable definition of timing of early cholecystectomy across the literature, we reanalyzed the data using cholecystectomy within 3 days of ED presentation as the exposure. Third, we redefined major bile duct injury based on operative repair of the biliary tract within 12 months of cholecystectomy. Finally, we examined the results after excluding patients who underwent cholecystectomy later than 1 year after discharge from index admission, considering that they were less likely to have been discharged with the intention of delayed cholecystectomy.
RESULTS
A total of 22,202 patients were emergently admitted across 154 hospitals with a first episode of acute cholecystitis and ultimately managed with cholecystectomy from 2004 to 2011. The mean age was 54 ± 18 years and most of the patients were women (60%, n = 13,376). Common bile duct obstruction and pancreatitis were present on admission in 10% (n = 2243) and 5% (n = 1058) of patients, respectively. The majority of cholecystectomies (67%, n = 14,948) were early. The median time to delayed cholecystectomy was 8 weeks (interquartile range: 4-12 weeks) from ED presentation. Patients undergoing early cholecystectomy were younger, more frequently female, less likely to have biliary tract obstruction, and had a lower comorbidity burden (Table 1) . These patients were also operated on by surgeons earlier in their career and with a larger recent cholecystectomy experience when compared with patients receiving delayed cholecystectomy. Matching on the propensity score, sex, and age created 7110 distinct pairs. After matching, all patient and surgeon characteristics were well balanced ( Table 2) .
Within the matched sample, early cholecystectomy was associated with half the risk of major bile duct injury, a lower risk of the composite outcome of major bile duct injury or death (Table 3) . Although 30-day postcholecystectomy mortality was lower in the early group, this observation did not reach statistical significance (Table 3 ). The frequencies of open cholecystectomy or conversion among laparoscopic cases were similar between the 2 groups (Table 3) . Total hospital length of stay was also shorter with early surgery (mean difference = 1.9 days, 95% CI: 1.7-2.1). Although 98% of patients managed with delayed cholecystectomy were included in the matched sample, a majority (52%) of patients managed with early cholecystectomy were not matched. Among the early cholecystectomy group, unmatched patients reflect those with a higher propensity for early cholecystectomy than matched patients (mean propensity score = 0.73 vs 0.64, P < 0.001) and similar or better outcomes (major bile duct injury 0.28% vs 0.23%, P = 0.53; major bile duct injury or death 0.85% vs 1.36%, P = 0.002; cholecystectomy completed open 9% vs 15%, P < 0.001).
Sensitivity analyses included an alternate analytic approach (inverse probability of treatment weighting), a change in the exposure definition (early surgery within 3 days of ED presentation), a restricted timeframe for delayed cholecystectomy (within 12 months of discharge), and a change in the primary outcome definition (operative repair of the biliary tract within 12 months of cholecystectomy). The results of these sensitivity analyses were consistent with the primary analysis (see document, Supplemental Digital Content 1, results of sensitivity analyses available at http://links.lww.com/SLA/A441). 
DISCUSSION
In this population-based analysis of more than 20,000 patients with acute cholecystitis, early cholecystectomy was associated with half the risk of major bile duct injury, a lower risk of major bile duct injury or death, and a shorter total hospital length of stay. Furthermore, a benefit, albeit nonsignificant, in 30-day postcholecystectomy mortality was seen with early surgery. Finally, no significant differences between management strategies were observed in terms of open cholecystectomy or conversion. That early cholecystectomy is associated with improved operative outcomes substantiates the need for a paradigm shift in the management of acute cholecystitis.
On the basis of best available evidence, early cholecystectomy is supported by many expert groups 9,10 but practice patterns remain variable. Given the limited external validity and small sample size of existing trials, concern remained that a higher frequency of rare but serious operative complications might result from early surgery in the setting of acute inflammation. 9, 16 Meta-analysis of randomized trials failed to show a difference in rates of bile duct injury (1/222 in early group vs 3/216 in delayed group). 7 Our study is the first comparison of these strategies with the power to detect a benefit associated with early surgery in terms of major bile duct injury. The development of fibrosis in and around Calot's triangle following resolution of the initial bout of acute cholecystitis is a reasonable pathologic explanation supporting a causal association between delayed surgery and a higher risk of major bile duct injury.
2,3 Furthermore, recurrent acute cholecystitis which may occur before the delayed cholecystectomy may also contribute to the increased average risk of major bile duct injury. With respect to postcholecystectomy mortality, the trials provide little insight since †Outcome frequencies are presented as number (%). RR (early compared to delayed cholecystectomy) is presented with the corresponding 95% CI.
no deaths occurred. 7 Our analysis showed a lower 30-day mortality after early surgery, although it is very possible that this observation occurred due to chance. It is also plausible that patients deemed unfit for surgery because of a perceived mortality risk were less likely to undergo early cholecystectomy. To examine the possibility of residual confounding of mortality, we compared the proportion of patients who underwent elective hip and knee replacement surgery within 2 years of cholecystectomy. The rates of these elective procedures, performed to improve quality of life, were not significantly different between early and delayed groups (hip: 0.38% vs 0.42%, P = 0.79; knee: 0.72% vs 0.82%, P = 0.57), suggesting that residual confounding is an unlikely explanation for the observed lower mortality.
This study is consistent with trial data in showing a similar frequency of conversion to an open procedure between early and delayed cholecystectomy and a shorter total hospital length of stay with early surgery. By addressing these comparisons across a populationbased cohort of patients and general surgeons, our analysis alleviates the concern of limited external validity of the randomized trials. Although the trials showed conversion rates in the order of 20%, the conversion rate in this contemporary cohort approximated 10%. Given that these trials recruited patients between 1993 and 2002, the observed decrease has face validity and is consistent with increased training and experience with laparoscopic cholecystectomy over time. It should also be noted that we have presented an underestimate of the true difference in total hospital length of stay. In fact, the mean difference between delayed and early surgery would very likely be greater than 2 days had we also included hospital visits for recurrent symptoms before delayed cholecystectomy and postcholecystectomy complications.
In addition to the benefit of early surgery in terms of major bile duct injury, early surgery is also favored on the basis of the considerable risk of recurrent gallstone symptoms if cholecystectomy is delayed. In a meta-analysis of existing trials, 17.5% of patients randomized to delayed cholecystectomy suffered nonresolving or recurrent symptoms. 7 In a recent large population-based study, 19% of patients with acute cholecystitis, who were discharged without cholecystectomy, either returned to the ED or were readmitted to hospital for gallstone disease within 12 weeks of discharge. 8 These results and the present study therefore both support early over delayed surgery for most patients.
Strengths of this study include the large sample size, the use of a validated 1-year mortality risk index, and a sophisticated analytic approach to address confounding by indication. However, several limitations exist. First, propensity score methods only account for confounding related to observed covariates. Thus, residual confounding due to differences in cholecystitis severity or surgeon characteristics may partially explain the observed difference in major bile duct injury. The diagnosis of acute cholecystitis was derived by medical record abstractors who confirm the diagnosis contained in the discharge summary with medical imaging and pathology reports. Because clinical markers of severity (eg fever, white blood cell count) and the details of imaging and pathology reports were not contained in our data sets, differentiating mild from moderate cholecystitis was not possible. Nevertheless, we feel that difference in cholecystitis severity between exposure groups is unlikely for a number of reasons. First, we excluded patients likely to have severe cholecystitis. Second, although information about time delay between symptom onset and hospital presentation (a widely cited marker of greater cholecystitis severity 9 ) was not available, because all emergency care is universally accessible without copayment in Ontario, prolonged delay in seeking medical attention for cholecystitis symptoms is unlikely. Furthermore, controlling for age, sex, and comorbidity can reasonably be expected to minimize differences between exposure groups with respect to cholecystitis severity. 16, 39, 40 Third, the performance of an intraoperative cholangiogram may be indicative of severe inflammation or fibrosis in Calot's triangle and was identified in 3% (n = 604) of cholecystectomies. We did not include this characteristic in deriving the propensity score because it could also reflect the consequence of a bile duct injury. However, before and after matching, the frequency of cholangiogram was similar in the early and delayed groups, offering further support for the premise that cholecystitis severity was not meaningfully different. Finally, because our definition of early surgery was a wide time frame (7 days from ED presentation), the early group likely includes some patients initially managed with an intention of delaying surgery, but whose symptoms did not resolve. By including these patients with prolonged symptom duration in the early group, our definition actually biases against early surgery and reinforces the validity of an observed benefit of early surgery.
With respect to surgeon characteristics, 2 potentially important unmeasured factors are whether the surgeon had subspecialty training in hepatobiliary or minimally invasive surgery, and whether a trainee was involved in the operation. However, even if residual confounding exists related to surgeon characteristics, these results suggest that early cholecystectomy can confer improved operative outcomes. Thus, surgeons uncomfortable with offering early laparoscopic surgery should consider seeking the expertise of colleagues with more experience in difficult laparoscopic cholecystectomy before recommending initial nonoperative management and delayed cholecystectomy.
The second important limitation is that we were unable to capture bile leaks managed with percutaneous or endoscopic intervention because the date of these procedures, undertaken outside the operating room, was inconsistently available. However, major bile duct injuries requiring operative repair remain most clinically important given high associated morbidity.
Finally, the cause of death was unavailable, precluding an understanding of the proportion of postoperative deaths that could be attributed to cholecystectomy.
CONCLUSIONS
These data provide considerable added value for decision making over the randomized trials. The results offer strong support for a practice of early overdelayed cholecystectomy for most patients with acute cholecystitis.
